Protonation state effects of estrogen receptor α on the recognition mechanisms by perfluorooctanoic acid and perfluorooctane sulfonate: A computational study.
Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) have been reported to cause adverse health effects on wildlife as well as humans. Numerous studies demonstrated that PFOA and PFOS could interfere with the transcriptional activation of estrogen receptor α (ERα) by mimicking the function of endogenous ligand, whereas some reports suggested that the two compounds present non-estrogenic activities. These conflicting results bring a confusion to understand their molecular mechanism on the ERα-mediated signaling pathway. To address this issue, we performed the molecular docking and molecular dynamics simulations to elaborate the structural characteristics for the binding of PFOA and PFOS to ERα. Our results indicated that the two opposite binding orientations were modulated by the protonation states of key residue His524. In sub-acidic condition, PFOA and PFOS prefer to form the H-bonding interactions with the protonated His524, whereas Arg394 provided the H-bonding interactions for stable binding in sub-alkaline condition. Conformational analyses implied that the diverse binding modes were closely related to the conformational propensity of ERα for subsequent coactivator recruitment and transcription activation. Generally, our findings provide a flexible strategy to assess the pH impacts of microenvironment on the toxicities of perfluoroalkyl acids by their interactions with proteins.